NACA HM ABLFI2

F dﬂ nml"'NCEy Robert N. Olson and Robert S. Chubb

Lnlumnoummu

PRI !

RESEARCH MEMORANDUM

WIND-TUNNEL TESTS OF A 1/12-SCALE MODEL OF THE X-3 AIRPLANE
AT SUBSONIC AND SUPERSONIC SPEEDS

Ames Aeronautical Laboratory -
Moffett Field, Calif.

®' CLASSIFICATION CHANGED /ldtaFéT
CONFIDENTIAL

WWMW”W e )

This document contains ! mammmhrmm-mungmmmmm tmmnmsuu 8 within the

CLASSIFICATION CHANGED

2o UNCLASSIFIED

mmmgdmxshmmuscwumu It ¢ in any
mfurmnbnsoehmnndmw mel.rhd mmhmﬂlhryuﬂmﬂumzuatmummd
States, appropriate civilian offfcers mdlnmlanes of the Fedaral Go who have x 1

thenm, and to United States c mdmmmmmn'b of nscesaity must be Inforrsed thereof.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
September 14, 19501

’ Co;_Sy‘ 4
M A.51F 12,

<

\S
\
\J
\

Br authority n!%




S [

76 01425 9528

- R

NATTONAT. ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

WIND-'UNNEL TESTS OF A 1/12-SCAIE MODEL OF THE X~3 AIRPLANE
AT SUBSONIC AND SUPERSONIC SPEEDS

By Robert N. Olson and Robert S. Chubb
SUMMARY

The static longitudinal—, lateral—, and directional—stability and
control characteristics of a l/l2-—-sca.le model of the Douglas X—3 alrplane
at subsonic and supersonic Mach numbers are presented. The model was
equipped with an all-movahble ‘horizontal tail, en sileron on the left

wing, end a rudder on the vertical~tail surface. The investigation
- covered a range of Mach mmbers from 0.60 to 0.93 and 1.30 to 1.91 at
Reynolds numbers of 0.98 to 2.61 miliion.

In general, the 1ift—curve slope gradually increased with increasing
subsonic speed up to a Mach number of 0.93, and gradually decreased with
increasing supersonic speed up to a Mach number of 1.91. A slight
increase In drag coefficient was evident at a Mach number of 0,90, but
the drag-divergence Mach number was not reached within the subsonic Mach
nunber range of the tests. At supersonic speeds, the drag coefficient
for 1lift coefficients less then 0.3 gradually decreased with increasing
speed up to a Mach number of 1l.91.

The first results of the stability investigation indicated that at
a Mach nunber of 0.85, the airplane would have marginal longitudinsl
stability for moderate lift coefficients and at a Mach number of 1.91,
have nearly neutral longltudlnal stebility for high values of 1ift
coefficlient with the controls set for zero pitching moment. The use of
a larger horizontal tail (38.4~percent larger area) of higher aspect
ratio (4.33 as compared with 3.05 for the original configuration) was
shown to eliminate the marginal longitudinal—stability region at 0.85
Mach nunber and to provide adequate longitudinal stebility for all 1ift
coefficients for zero pitching-moment conditions at a Mach number of
1.91.

The effectiveness of the all-movable horizontal tail in providing
longitudinal control was found to be constant with increasing subsonic
Mach number, but the results indicate about a YO—percent decrease in
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the pitching-moment effectiveness with increasing speed in the range of
Mach numbers from 1.30 to 1.91. o

Although the results indicate that the asirplane will be direction—
ally and lasterally steble in the subsonic and supersonic gpeed ranges
investigated, the directlional stability may be marglnsl for smell angles
of sideslip at a Mach nmumber of 0.90.

The directlional-— and léteral—controi data indicate linesr varis—
tions of yawing-moment coefficient with rudder deflection snd rolling-—
moment coefficient with alleron deflection for the alrplamne little

affected by angle of attack.

INTRODUCTION

In order to aid in the prediction of the stebility and control
cheracteristics of the X—3 airplane (Alr Force Project MI-656) and
to provide a sound basis for the flight investigations which will be
conducted using this proposed supersonlc research vehicle, the aero—
dynamic characteristics of & 1/12—scale model of the X—3 airplane have
been determined from tests made in the Ames 6— by 6-foot supersonic wind

tunnel.

The present report glves the results of force tests of the
l/lZ—sca.le model of the X~3 research airplane made to determine the
longitudinal-—, lateral—, and directional—stability and control char—
acteristics at Mach nunmbers of from 0.60 to 1.91, inclusive. Results
of additional tests made to determine the effects on the longitudinal-—
gtabllity characteristics of increasing the size of the horilzontel taill
are also presented., Static pressures at various fuselage statlons,
obtalned in conjunction with the force tests, are presented for use in
determining canopy loads and possible airspeed—orifice locatlons,

CCEFFICIENTS AND SYMBOLS -

All data are presented as standard NACA coeffliclents of forces and
moments referred to the axes shown in flgure l. With the exception of
the horizontel-~tall hinge moments, all data were referred to a longitu—
dinal center—of-gravity position at the leading edge of the wing mean
aercdynamic chord snd a vertical position l-—inch-model scale @bove the
fuselage reference line.

-
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Sufficlent data are presen'bed to permit the reader to compute the
yewing moments and rolling moments about the stability axes.

Horizontal—tall hinge moments for both configurations investigated
were meesured sbout an axis positioned at the 25—percent point of the
mean aerodynamic chord of the exposed teil of configuration A which
passes through the plere of symmetry at the 5k.7—percent point of the
theoretical root chord.

The symbols and coefficlents are defined as follows:

Cr  1iPt coefficlent | 1Ll
I 5

Cp drag coefficient <i';—gﬁ>

Cp pitching—moment coefficient (Pit"hi;ﬁ mment)
asc

Cn horizontal-tail hinge—moment cosfficient hinzg_tm%m
a t
(Moment tending to lower trailing edge “is positive.)

C-I cross=wind—force coefficient (.cross—wind force)

gs

Cxn Yyawing-moment coefficient (yawing;;oment)

€, roliling-moment coefficient <rollig§g:_mme_n§>

CIU‘ rate of change of 1ift coefficient with angle of attack, per degree
CYﬁ rate of change of 'cross—win&-force' coefficient with angle of side—

slip, measured at constant angle of attack, per degree .

C rate of change of yswing—moment coefficient with angle of sideslip,
@ measured at constant angle of attack, per degree

C, rate of change of rolling—moment coefficient with angle of side—
B slip, measured at constant angle of attack, per degree
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rate of change of pitching-moment coefficient with horizontal-tail
incidence, measured at constant 1ift coefficient, per degree

locel. speed of sound, feet per second
wing span, feet
horizontal-tall span, feet

chord of the wing parallel to plane of symmetry, feet
chord of the horizontal tail parallel to plane of symmetry, feet

b/z
[ e
mean aerodynamic chord of the wing °_b/2 » Teet
[ s
o

mean aserodypamic chord of the horizontal tail
feet . by/2
f Cy ¥y
o

specific heat at constant pressure
specific heat at constent volume

horizontal tail Incidence with respect to the fuselage reference
line, posltive with the trailing edge downward, degrees

mass flow
local stetlc pressure, pounds per square foot

free—stream static pressure, pounds per square foot
free—stream dynamic pressure <—,‘__!;- ov 2-) » pounds per square foot

perpendiculer distence along the wing semispan from the model
plane of symmetry, feet ' L
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Y4 perpendicular distance along the horizontal-tail semispan from
the model plane of symmetry, feet

A crogss—gectional areae of duct, square feet

E ratio of duct outlet area to inlet area

H total pressure, pounds per squ:s.re foot

AE (total pressure in the free stream) — (total pressure in the air
duct)

M Mach number ( E—)

PP
P Pressure coefficlent 3
R Reynolds number, based on the mean aerodynamic chord of the wing
wing area, including that portion enclosed by the fuselage as

determined by extending the leadlng end tralling edges to the
plane of symmetry, square feet

Sy s&area of horizontal tail, including that portion enclosed by the
fuselage as determined by extending the leading and trailing
edges to the plene of symmetry, square feet

v free—stresm velocity, feet per second

o angle of attack of the fuselage reference line, degrees

g angle of sideslip, degrees

Cp
4 ratio of specific heats { —
Cy

8, alleron de¢flection, positive downward, degrees

8y TrTudder deflection, positive with trailing edge to left, degrees

p mass density in the free stream, slugs per cubic foot

The following notation is used in the figures to signify various

combinations of the component parts of the model:

BW

conbination of body and wing
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BWV combination of body, wing, and vertical-teil surface

BWH combination of body, wing, and horizontal—tall surface

APPARATUS

Wind Tunnel and Equipment

... The stagnation pressure in the Ames 6— by 6~foot supersonic wind .
tunnel can be regulated to maintain a given test Reynolds number. The.
suypersonic Mach number can be varied continuously by use of the asym—
metric adjustable nozzle, and the subsanic Mach numher through regulation
of the compressor speed.with the nozzle set at the maximum-open position.
A more complete discussion of the tumnel characteristics is presented in

reference 1l.

The model (shown in fig. 2) was mounted on a sting-type support
system. For the lnvestigation of longitudinal characteristics, the model
was mounted with the plane of the wing vertical to permlt cortinuous
variation of angle of attack; while for the lnvestigation of latersl and
directional characteristics, the model was mounted with the plane of the
wing horizontal to permit continuous adjustment of angle of yaw. The
aerodynamic forces andi moments on the model were measured by a six—
component, electric reslstance-type, strain-gage balance mounted on the
sting support and enclosed within the body of the model. Hinge moments
on the horizontal teil were measured by strain geges moumted on a
cantilever-type beam contained within the fuselage.

Model

The 1/12-scale model of the X~3 research ailrplans was furnished by
the Dougles Alrcraft Company. A sketch of the model is shown in
figure 3, and the geometry and dimensions of the wing and tall are gilven
in table I. The model was provided with engine alr intake scoops.
Bowndary—layer bleed scoops were not incorporated within the inlets;
hence, the area of the intake scoops was made to equal the cambined area
of the engine air intake and boundary—layer bleed scoops. Engine air
ducting was simulsted to the stern of the fuselage. Constriction plates
were furnished for the duct exits to provide exit to inlet area ratios
of 0.779 and 0.877. An aileron was provided on the left wing, and the
vertlical tall had a rudder. Two all-movable harizontal tails were pro—
vided for the investigation of longitudinal control. (See fig. 3.) The
positions of static pressure tubes. ingide the. ducts and along the fuse—
lage surface are shown in figure k.
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-TESTS AND REDUCTION OF DATA

Range of Test Variables

The longitudinal stebility and control characteristics of the model
were investigated for a range of Mach numbers from 0.60 to 0,93 and from
1.30 to 1.91. Directlonal— and lsteral—control characteristics were
investigated at 1.40 Mach nunber only, while the lateral and directional
stebility characteristics were obtained at Mach numbers of 0.90, 1.40,
and 1,91. Some additional longitudinal-stebility and control character—
istics were ohtained at selected Mach nmumbers for the complete model
incorporating a horizontal tail larger than that used on the original
configuration. Henceforth, in this report, the model incorporating =
horizontal tall of aspect ratic 3.05 shall be referred to as configure~
tion A, and with the larger horizontal tail of aspect ratio L4.33 shall
be referred to as configuration B. (See fig. 3.)

Reynolds muiber effect was investigated over a range of 1.0 to
2.6 million (based on the mean serodynesmic chord of the w:Lng) in both
the subsonic and supersonic Mach number ranges.

Static pressures at varilous fuselage stations were obtained for
Mach numbers of 1.3, 1.5, and 1l.7.

Precision

The accuracy of the results can be estimated by consideration of
the uncertainty in determining angle of attack, in measuwring tunnel
pressures, and in measurlng forces and moments with the strain-gage
balance, A more detalled discussion of the factors involved is pre—
gsented In reference 2. The following table lists the estimated accuracy
of measurement or computation of various quentities and coefficients:

Maxiim

= uncertainty
Angle of attack +£0.1°
Horizontal~tall incidence *,2°
Mach nunber .01
Reynolds number +.03 x 10°
Lift coefficient . £.003
Drag coefficient +.0015
Pitching-moment coefficient -£.001

Hinge-moment coefficient ' : .00k
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Maximum
uncer‘taintz

Cross—wind force coefficient ' S *+.002
Yawing-moment coefficient ’ +.001
Rolling-moment coefficlent 1001

Reduction of Data

With the exception of the drag data obtalned for configuration B at
& Mach number of 1.91, all data were obtained for the model with a duct
outlet to lnlet area ratio of 0.T779 which produced a mass~flow ratio
versus Mach number relationship corresponding to that of figure 5. The
mags—flow-ratio values used in figure 5 were calculated by means of the
following equstion: .

y+1
14 22 M2 2(r=)
my Ha AG M.e 2 .

In the above equation, subscript 1 1ndicates duct inlet, subscript s
indicates the duct statlon 4.5 inches from the duct outlet {the duct
statlion of cross~sectional area equal to the duct outlet a.rea), and
gubscript o 1indicates free—stream conditions. The total pressure in
the air duct (Ha) was measured by means of a single total-head tube
mounted at the center line of the duct. However, & subsequent survey of
the total-pressure variation across the duct by means of a seven—tube
total-head rake showed the pressure as measured by the single ceunber tube
to be within 3 percent of the average pressure as determined from the

pressure survey.

The test data have been reduced to standard NACA coefficient form
and corrected for the following factors which would affect the accuracy

of the results.

Tunnel-wall interference.— The subsonic results have been corrected
for the induced effects of the tummel walls resulting from 1lift on the
modsl (see reference 3) by the addition of the Ffollowing:

0.265 Cr,
.00k6 Cy2

fa's?

&p

Corrections for the effects of the tunnel walls on pitching—mment
coefflclents were negligible and have been omitted. -

L .
L]

i
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Constriction corrections to account for the blocking effect of the
model in the tumnel test section at subsonic speeds were applied accord—
ing to the method of reference 4. At 0.90 Mach number, this correction
amounted to 3.3~percent increasse in Mach number over that for tumnel
without the model in place, '

Stream veristions.— A pressure survey at subsonic speeds has indi—
cated that the longitudinal veriation of static pressure in the reglon
of the model is less than 2 percent of the dynamic pressure. No correc—
tlon for this effect was marje. Subsonlic tests of a symmetrical model
in both the normal and the inverted posltions have indicated no signif-
lcant stream curvature or inclination in the plane in which the model
was pltched (model mounted with plane of wing in vertical position).

A survey of the alr stream In the test section at supersonic speeds
(reference 1) has indicated that the cross flow is very small at all
Mech nunbers. However, significant variations of stream inclination and
curvature occur in the vertical and sxial directions at Mach numbers
greater or less than l.k. Therefore, the directiopal— and lateral-—
stebility characteristics are presented for both the inverted and normal
positions. The survey alsoc Indicated that the static-pressure variations
at supersonic speeds other than 1.4 were of sufficient magnitude to
affect the drag results. A correction was added to the measurcd Arag
coefficient to account for the buoyancy caused by this longitudinal pres—
sure gradient. Thils correction veried from a drag coefficient of 0.0009
at a Mach number of 1.30 to ~0.0008 at & Mach number of l.91.

Sugpor‘b interference.~ Interference effects of the sting support
at both high subsonic and supersonic speeds are unknown and, therefore,
no corrections were applied. However, interference effects of the sting
support on the aerodynamic characteristics of a 0O.l6~scale model of the
X—3 ailrplene have been determined previously at low speed by testing the
model in the Ames T— by 10—~foot wind tummnel with and without a dummy
sting behind the fuselage. Results of the low-speed tests showed a peg—
ligible variation in the 1lift or pitching-moment—gpefficlent tares due
to sting interference for the complete model. The low—speed drag—
coefficient tare for"the complete configuration remained constant at a
value of 0.003 over the 0° %o 5° angle—of—a.ttack range, then graduslly
Increased to & value of 0.010 at 10° angle of attack, and remained
constant from 10° to 24° angle of attack. Further, unpublished data on
Pile at this lsboratory indicate the interference effecte do not vary
with speed up to a Mach number of 0.9 therefore, the subsonic variations
of pitchirg—moment coefficient and drag coefficlent with Mach nmumber
probebly were not influenced by sting interference.

Pressures were measured at the base of the fuselage, and all drag
data were adJugted to correspond to a base pressure equal to free—stream
gtatlc pressure.
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RESULTS AND DISCUSSION

All the force and moment date cbtained during the investigation axre
presented in figures 6 through 3%. For convenience, an index of these
figures 1s presented in table II. All fuselage static—pressure data,
presented without comment, are Ilncluded in table III. Unless otherwise
noted, all deta were obtained for the model with the duct outlet %o
inlet area ratio of 0,779 which produced & mass—flow ratio versus Mach
number relationship corresponding to that of figure 5.

Iift Characteristics

The variastion of 1lift coefficient with angle of attack, for subsonic
speeds, was essentially linear up to the stall except for a slight
decrease in slope near zero angle of attack. (See figs. 6(a) and 7(a).)
This decrease was most pronounced at the highest subsonic speeds inves—
tigated. Results of tests in the Ames 6~ by 6—foot wind tunnel
(reference 5) of an aspect ratio 3.1, unswept wing have shown a similar
lift—-curve trend near zero angle of attack at these Mach mmbers. An
increase in the aspect ratio of the. horizomtal tail (3.05 to 4.33) elim—
inated the decrease in slope of the 1ift cirve near zero angle of attack
for zero incidence of the horizonmtal tail (fig. 8(a)), but not the
decrease In slope near zero lift for a ~9.6° incidence of the horizontal

tail (fig. 9(a)).

The increase in lift coefficient beyond the angle of attack =t
which the wing stalled,! evident at Mach mumbers of 0.60 to 0.85 (fig. 6),
was probably due to 1lift provided by the fuselage. Choked flow condi—
tions in the tunmnel, indicated by broken lines in the subsonic—data
curves, prevented the atteinment of the angle of attack for stall above
e Mach number of 0.85, '

At supersonic speeds, the lift-coefficient variation with angle of
attack for small tail incidences was linear up to a 1ift coefficilent of
0.4, beyond which the rate of increase of 1lift coefficient with angle of
‘attack diminished with increasing 1ift coefficient. (See part (a) of
figs. 10 through 15.) Increasing the tail aspect ratio (configuration B)
had little effect on the lift—coefPficient variation with angle of attack
at supersonic speeds. (See part (a) of figs. 16 through 18.)

Stall is berein defined as the condition where the slope of the lift
curve first becomes zerc at a positive angle of attack.
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Except at a Mach number of 0.90, where the lift-curve slope at a
Reynolds number of 0.98 million was apprecisbly greater than that for
the higher Reynolds numbers, Reynolds number had no signiflicant effect
on the 1lift charachteristics up to the angle of attack for stall at sub—
sonic speeds (figs. 19 through 22) nor through the entire angle—of—
attack range investigated at supersonlc speeds (fige. 23 through 25)
for the range of Reynolds numbers investigated (0.98 to 2.61 m:lZL‘Lion at
subsonic speeds; 1.5 to 2.61 million at supersonic speeds)

The variation of lift—curve slope with Mach nunber ls presented in
figure 35 for various 1ift coefficients. A loss in iift—curve slope in
the region of 0.85 Mach number occurs at a 1lift coefficient of 0.3, and
at 0.93 Mach number near zero lift; however, the loss 1s not of suffi-
cient magnitude to be of concern. At supersonlc speeds, the l1ift—
curve slope generally tends to decrease gradually with increasing Mach
number and decreases with increasing 1ift coefficient throughout the
supersonic speed range investigated.

Static Longitudinal Stability and ControI

The variation of pltching-moment coefficient with 1ift coefficient
was not linear for any of the subsonic test Mach numbers. (See
fig. 6(b).) Near zero lift, the static longitudinal stability decreased
rapldly with increasing Mach number umntil, at & Mach number of 0.93,
the model became neutrally stable. At a Mach number of 0.85, this
region of marginal stability persists over a rangs of 1:Lf'b coefficients
from —0,10 to 0.25.

At 1ift coefficlents of O to 0.3, a linear variation of pitching—
moment coefficlent with 1ift coefficient exists for configuration A
(aspect-ratio-3.05 horizontal tail) for Mach numbers of 1.30 to 1.91,
inclusive. (See figs. 10 through 15). Beyond a lift coefficient of
0.3, the static longitudinal stability generally decreased with increas—
ing 1ift coefficient. This decrease in stability with increasing 1lift
coefficlent became more rapid with increasing Mach nmumber until at a
Mach nunber of l.91 nearly neutral stebility existed for configuration A
at high values of 1lift coefficient with the controls se'l: i‘or Zero pitch—
ing moment,

Because of the reglon of nearly neutral stability at a Mach nmumber
of 1.91 and the marginal stebility existing for moderate lift coeffj—
cients at a& Mach mumber of 0.85, additional tests were made of the
l/la—sca.le X3 model incorporating s horizomtal tall of greater aspect
ratio (4.33 as against 3.05 for the original configuration) and
38.b—percent greater area. This larger tall model has been designated

.:‘F‘ _."I___. L
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configuration B, Figure 8(b) shows that use of the revised horizontal
tail completely eliminated the regions of marginal stablility at all
1ift coefficlents up to the stall for all subsonic Mach numbers inves~
tigated. No marked changes in the static longitudinal stablility were
evident for Mach numbers of 1.3 and 1.6. At a Mach number of 1.9, how—
oever, use of the higher aspsct—atio tail did eliminate the neutral
stability existing at high valnes of 1ift coefficiemt for Cyp=0 condi—
tions for the original configuration. (See figs. 16, 17, and 18,)

The investigrtion of Reynolds number effect at subsonic speeds
showed that results obtained at 0.98-million Reynolde number generally
exhiblited a greater longitudinal stability than existed at the higher
Reynolds numbers of 2,29 to 2.61 million. (See flgs. 19, 20, 21, and
22,) At supersonic speeds, no appreciable Reynolds mumber effect was
apparent for Reynolds mumbers of 1.57 to 2,61 million. (See figs. 23,
2k, and 25.)

The wvariation of static lomgitudinal stability with Mach number
shown in figure 36 for 1lift coefficients of O and 0.3 indicates that
the most forward position of the neutral point is at about 4 percent
of the mean aerodynamic chord and occurs at a Mach munber of 0.85.
Thus, for a center-of-gravity position at the leading edge of the wing
mean serodynamic chord, a minimum stability mergin of 4 percent is
attained for model configuratiom A, Use of the 4,33-aspect-ratio hor—
izontal tail (configuration B), however, increases this minimm stabil—
ity margin to 17 percent while retaining a total center—of—pressure
movement, over the investigated Mach number range, about the same as
that gor configuration A (about 45 percent of the mean aerodynamic
chord ).

A comparison of the tail-on (configuration A) and tail-off (BW)
pitching-moment characteristics (figs. 10 through 15) indicates the
tail wes destabllizing at 1ift coefficients above 0.65 for the Mach
number range of 1.30 to 1.91. Also, the tall—off configuration was
stable throughout the angle—of-attack range investigated for Mach num—
bers of 1.3 to 1.7, inclusive, but became neutrally stable above an
angle of attack of 10° at a Mach number of 1.91,

At a Mach mumber of 1.3, the horizontal—tall effectiveness
gradually decreased with increasing tail deflection. This loss in
effectiveness with increasing tall deflection substantlally decreased
wilth increasing Mach number until at a Mach number of 1.7, at moderate
11ift coefficlents, the tall effectivenesse was nearly linear throughout
the tall deflection range investigated (0° to -25°).

A relatively constant taill effectiveness (fig. 37) is evident for
the subsonic speed range investigated. At supersomic speeds, however,
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the results indicate a reductlon in tall effectiveness of about

Lo percent for an increase in speed from a Mach mimber of 1.30 to 1.91.
The k4.33-aspect—ratio tail (configuration B) was about 40 percent more
effective than the 3.05-aspect—ratio taill (configuration A) as would
be expected from elmost a LO-percent greater tall area.

In general, the slope of the C versus Cp curve, for constant

horizontal—tail deflection, is slightly negative for the entire angle-—
of-attack range investigated for Mach mmbers of 1.30 to 1.91, inclu—
.s8ive., (See figs. 10(d) through 15(d).) The bebavior of the hinge—
moment coefficient with tail incldence was comsistent with ths varia—
tion of pitching-moment coefficient with taill incildence up to s tall
deflection of —19.8°, The logs in effectiveness of the horizontal
tail above —19,8° tall deflection was reflected in the hinge-moment—
coefficient curves at a Mach number 1.3, but was not evident for Mach

numbers of 1.k to 1.91, inclusive.
Iateral and Directional Stablility and Control

The lateral— and directional—stability characteristics of the model
for Mach numbers of 0.90, 1.40, and 1.91 are shown in figures 26, 27,
and 28, The model was tested in both the normal and inverted positions
at all three Mach numbers to determlne any possible effects of wvaria-—
tions in stream angle on the stabillity characteristics of the model.
As stated previously, no corrections have been made to these data for
the unknown effects of sting inberference.

A marked decrease in the directional stabllity near zero angle of
sideslip 1s indicated at a Mach number 0.90. However, this region of
nearly neutral stabllity may be due to the low test Reynolds number of
the vertical stabilizing surface of the model. At & Mach mumber of
1.k, the yawing-moment—coefficient variation with sideslip angle was
more nearly linear. At 1.91 Mach number, however, the nonlinear behav—
lor is again evident with generally a greater directional stability
existing for gpmall angles of sidesllp then for the larger angles of
sideslip up to *6°,

The decrease in directional stability at small sideslip angles is
reflected in the cross-—wind—force coefficient versus angle—of-sldeslip
curves for 0.90 Mach mmber. (See part (b) of figs. 26, 27, and 28.)
No other nonlinearities were indicated in the cross—wind—force char-—
acteristice at any of the three Mach pumbers investigated.

The rolling moment due to sideslip (fig. 27(c)) was linear for a
Mach number of 1.4, except for the broken—line portions of the curves

iy
i .
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for the highest two lift coefficients investigated which, because of
the asymmetry through zero sideslip, are belleved to be unreliable
_data. At 0.90 and 1.91 Mach numbers (figs. 26(c) and 28(c}), the roll-
ing moment due to sldeslip was nonlinear i’or a.ll values of lift coeffi~
clent investigated.

In figure 38 is shown the varliation of the directiomal-stabllity,
lateral—force, and effective-dihedral derivatives with 1ift coefficlent
for the model at a Mach mumber of 1.k (derived from fig. 27). Because
of the nonlinear nature of the lateral— and directiomal-stabllity
curves at 0.90 and 1.91 Mach number, no attempt was made to determine
the afore-mentioned derivatives for these Mach numbers. Aboutl a
50-percent loss in CD_B is indiceted in increasing the 1ift coefficient

from O to 0.70. Almost no varistion in the lateral—force derivative
with 1ift coefficlent was evident although the effective dihedral deriv—
ative became more negative with increasing lift cgefficie_nt.

‘No significant Beynolds number effect on the lateral and direc— .

§ ey Y ke mwane Fhe manos InTea.

tional characteristics of the model was apparsnt over the range inves—

tigated. (See fig. 29.)

With the vertical tall removed, the results Indicate the airplane
would be directiomally unsteble at a Mach mumber of 1.k, (See |
fig, 30(a).) Adding the vertical tall produced the following changes
in the stability derivatives: c,:x]3 from -0.0035 to O. 0052, CyB from

-0.0085 to -0. 0155, and’ CZB from 0.0009 to -0.0013. (Bee f1g. 38.)

The effect of sideslip angle on the longitudinsl characteristics
1s illustrated in figure 33. The results indicste that sideslip angle
had no significant effect on the 1ift characteristics. However, the
minimum drag coefficlent for 6° of sideslip was sbout 0,010 greater
than that for the unyawed condition. The pitching—moment coefficient
increased, negatively, as much as 0.0k with increassing sideslip angle
from 0° to 6° with the greater change occurring between 20 and 6°,

The directional—control characteristics for the model (figs. 30,
31, and 32) show a nearly linear variation of yawing—mament s Cross—
wind—force, and rolling-moment coefficients with rudder deflection, and
wore llttle affected by change in angle of attack (notwithstanding the
broken—line portions of the rolling-momemt characteristics at 10° angle
of attack which data, because of the asymmetry through zero sideslip,
are believed to be un.relia.ble) Due to the high position of the ver—
tical tall, the rolling moment due to rudder deflection is quite large,
requiring about 3° differential deflectiom of the ailermms. to balance
the roll due to 5° rudder deflection. (See fig. 3k.)

L
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Results of the investigation of the lateral-control characteris—
tics of the model indicate a nearly linear variation of rolling-moment
coefficient with aileron deflection throughout the lift—coefficient
renge investigated. (See fig. 3k.) It should be noted that these
rolling-moment date are for deflection of one aileron only. -

Drag Characteristics

Since the high-speed performance of airplanes is largely deter—
mined by the drag characteristics, the wariation of drag coefficient
with Mach number iliustrated in figure 39 becomes of particular
importance.

At subsonic speeds, a decrease in drag coefficient with Increasing
Ma.ch number at constant 1ift coefficlent is apparent in the range of
0.60 to 0.80 Mech mumber (fig. 39), and is associated with the inoreas—
ing lift—curve slope with increasing Mach number at Suhsonic speed .
(fig. 35). Although there is a sudden increase in drag coefficient at
a Mach mmmber of 0.9 for a 1ift coefficient of 0.3, the increase is
not sufficient to define the drag divergence Mach mmber.

At supersonic speeds, a gradual decrease in drag coefficient with.
increasing Mach number is evident for O and 0.3 1ift coefficients up
to & Mach mumber of 1.91. At a 1lift coefficient of 0.6, however, the
drag coefficient decreases with increasing speed up to 1.6 Mach mumber
above which there 1s = marked increase in drag coefficient up to the
limiting Mach mumhbher of 1,91.

Substitution of the aspect—ratio—4.33 tail in place of the aspsct—
ratio-3.05 tail increased the drag of the model throughout the Mach
nunber range Investigated with the most marked lIncreases occurring near
Mach mubers of 0.80 and 1.30.

Several factors mmst be considered in correcting aerodynamic drag
coefficients obtained from tests of a model in a wind tummel to full—
scale—airplane flight values. Among these are (a) the effects of
Reynolds number, or the problem of correcting the viscous drag coeffi-
clent of a partly laminar flow at low Reynolds number to that of a
fully turbulent flow at high Reynolde number; (b) the effects of the
differences in surfece copndition of the model and airplane such &s
skin roughness, control surface gaps, and various protuberances; (c)
the effect of base pressure, since a corraction is necessary to adjust
the base pressure coefficient of the model to that estimated for the
Jets—operating condition of the airplane; and (d) the effect of inter—
nal duct flow, since it is necessary to deduct from the total measured

—
-2
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model drag force. the drag due to intermal flow, defined in the same way
as the engine manufacturer's net thrust, to obtain & drag for direct
comparison with that estimated for the airplane. The drag due to inter—
nal flow is defined as the difference in total momentum between the flow
issuing from the model at the exlt and ‘the flow ahead of the model in
the free—stream tube entering the inlets., The magnitude of this drag
due to internal flow is a function of the free-—stream Mach nunber, ratio
of exit total to free-stream total pressure, and mass—flow ratio.
Sufficient date are presented in table III and figure 5 to permit cal~—
culation of this drag due to internal flow for the present investiga—
tion.

*

The extent of the foregolng corrections to the drag of the present
1/12—sca.le model has been estimated by the Douglas Aircraft Company to
be of the following magnitudes (ACD's to be added to measured Cp's):

XCp(Based on Wing Area)
M=1,3 1.5 1.7

i s

Effect of Reynolds number -0.0055 -0.0058 —0.0060
Effect of surface condition Lo .0013 . 0013 .0013
Effect of base pressure . .0015 .0015 .0015
Effect of intermal duct flow —.0035 —. 0026 -, 0016

By way of summetion, totaling the corrections due to the various
factors considered in converting the aerodynamic drag coefficlents
obtained fram tests of the 1/12-scale model in the wind tummel to full-
scele—airplane flight wmlues shows the minimm drag of the model to be t
approximately 10 percent higher than that to be expected of the airplane '
throughout the supersonic Mach npumber rangs of 1.3 to 1.7.

CONCLUDING REMARKES.

The results of tests of a 1/12-scale model of the Douglas X-3 air-—
plene in the Ames 6~ by 6~foot supersonlc wind tunnel have shown the
following variations in the lift—curve slope and drag coefficilent with
Mach nunber, The lift-—curve slope tended to increase with increasing
subsonic speed up to a Mach number of 0.93, and gradually decreased with
incressing supersonic speed up to a Mach number of 1,91l. A slight
increase in drag coefficient was evident at a Mach number of 0.90, but
the drag-divergence Mach number was not reached within the subsonic
Mach nunber rsnge of the tests. At supersgonic speeds and moderate 1ift
coefficlents, the drag coefficient graduslly decreased with increasing
speed up to a Mach number of 1.91.

: -
,.
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Results of the stability investigation revealed a reglon of mar—
ginal longitudinal stability for moderate 1lift coefficients at a Mach
nunber of 0.85 and nearly neutral longltudinal stability et high values
of 1ift coefficient with the controls set for zero pitchlng moment at
& Mach number of 1.91 for ths original configuration. The use of a
larger aspect-ratio horizontal tail of greater area (k.33 aspect ratic
as against 3.05 for the original configuration, with a 38.L-percent
increase in area) effectively eliminated the marginal longlitudinal—
stability region at 0.85 Mach number, and provided adequate longitudinal
stability for high values of 1ift cocefficient for Cp=0 conditiocms at
& Mach nunmber of 1.91.

The effectivensess of the all-mowable tail in providing longitudinal
control was nearly constant at subsonic speeds, but a L4O-percent loss
in effectiveness with increasing speed was indicated betwsen Mach num—
bers of 1.30 and 1.91.

The directiomal stability, although adequate at Mach numbers of
1.40 and 1.91, was marginal for angles of sideslip near zero at a Mach
number of 0.9%0.

Adequate lateral stability was indicated for all Mach mmbers
investigated (0.90, 1.40, and 1.91).

The directiomal— and lateral—control characteristics of the model
indicete linear variations of yawing-moment coefficient with rudder
deflection and of rolling-moment coefficlent with aileron deflectiom,
little affected by angle of attack,

Ames Aeronautical Iaboratory,
National Advisory Comittee for Aeromautics,
Moffett Field, Calilf,
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TABIE I.— MODEL, DIMENSIONS

Wing

Ares, square inches . . . ¢« . &+ ¢ « & o o «
Aspect ratio . . ¢ . ¢ 4 4 0 s e s 0 e o s
Taper ra&bio v & v ¢ ¢ o o« ¢ o s o« s s ¢ o »
Span, inches . . . « o o s

Root section (at plane of symmetry) chord., feet

Thickness, percent of chord . . . . . . .
Dihedral (wing reference plane), degrees .
Incldence, degrees . . . . P e e s e s e
Mean serodiynamic chord, inches « o o o .
Sweepback (75apercent—chord line), degrees

Aileron

Span, inches , . . . e v e e s
Wing station at inboard end 1nches . e s e
Wing station at outboard end, inches ., . .
Chord at inboard end, inches . . . . . . .
Chord at outboard end, inches . . + « + « &

Borizontal taill
Configurstion A

Area., square inches . . . . . . .
Area, exposed, square inches , .,
Aspectb ratio . . . . . . ¢ ¢ ¢ .

Taper ratio . . . « « « « .« &
Span, Inches . . . . . . . .
Root section

Chord, inches . . . « o o s o o = e

Thickness, percent of chard e e e = e e s
Section at spanwise station, 1.70

Chord, inchesS . ¢« « « o o« o ¢ « s o o =« &

Thickness, percent of chord . . « . . «
Tip section . . "

Chord, inches . . . . « e s se s

Thickness, percent of chord e o e & o o o
Dihedral, dCgrees « « « « o« « o « s » s o
Incidence . . . . .

Mean serodynamic chord, inches (based on total area).

Sweepback (50—percent-chord line), degrees

* o o

-

19
166,52
. 3.09

0.389

22,69

0.882
. ks
.. 0
.. O
. 7.8k
.. O
. 3.16
. 8.09
. 11.26
. 1.h49
. 1.04

31.10

oL k8
. 3-05

0.395
. 9-75
. k.58
. 7.5
. 3.61
. k5
. 1.84
. ks
. . 0
variable
. 3.ho
. . 23
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Configuration B

Area, BQUATE INCHGE . v « 4 ¢ o « o o « o o =+ o o o « s « o = . h3.06
Ares, exposed, square INCheE . « v v v ¢ v o o« o o o« » o « « « 3744
ABDECE TBELO & v v v v 4 b e e e e e e e s e e s e e e e e e W33
TAPET TEELO « o ¢« « o o o o« o ¢ ¢ o = ¢« ¢ e o o s o o s o« .« . 0,409
SPan, INCHES . v ¢ v 4 ¢ o o o+ o o s o ¢ 2 o o e 0 e e e o« o 13.67
Root section

Chord, INCHES « . v v « o o o « o « o o o s o o o+ o o o« » « « 4,48

Thickness, percent of chord . « « « « « o ¢ o = s « s o « « o« « 6.3
Tip section :

Chord, 2NCHBE + v & o« o « o o o + o ¢« o v o o o o o o o o« « 1.8

Thickness, percent of chord e e s e e e e e e e e e e e e e e B
Dihedral, ASZIrEOB & ¢« « ¢ « « & o o o s o s o s o « « s o s s o » 0]
Incidence . « v « « o &+ » & s e o s s s s s e s s s s e s variable
Mean aerodynsmic chord, inches (based on total area) . . . . . 3.3k
Sweepback (50-percent—chord line), degrees . . . . « ¢ « « « » « 15

Vertical tail

Area, square INChes . . ¢ &« « + o = o o o o s o s o =+ s o s &« 23,62
Aspect ratio . & 4 ¢« ¢ ¢ ¢ t e o s e v o et e 4 v s s e s o 1l.32
Taper ratlo e s s s = e s e s s s s s s e s s oa e e e« 0,297
Spen, Inches . o ¢ ¢« ¢ 4 ¢ s o o 2 « o o o s s o « o s o o s & 5.59
Root section

Chord, InCheS . ¢« v ¢ v « o« o« ¢ s o = o o o o o s o s o s » « 6,58

Thickness, percent of chord . « « « « « ¢ ¢ =« o o o ¢ « s o + « k5
Tip section

Chord, INCHEE v & « o o o o o « o o o o o o o o o o v o o oo 196

Thickness, percent of chord . . . « o « o « o « o « o« s s o o « W5
Mean aerodynamic chord, Inches . . « « v o o o &+ « o o o = « » U, 69
Sweepback (leading edge), dEEre6S . « « « « « « « o ¢« o ¢« o« o« « o 145

Rudder

Spen, inches . . . . .. « .. S 2
Height of inboard end above horizontal tail referancse

plane, inches « v+ o« v ¢ o ¢ « ¢ ¢ s « = o & c s s e e s e . 0,91
Height of outboard end above horizontal tail reference

Pane, INCHOS v v v « « « « o o o ¢ ¢ o o o o o ¢« o s e 0 o o W
Chord at inboard end, INCHOE o v v e e v e e e e e e u . 1.98
Chord at cutbosrd end, Inches . . . ¢« v ¢ « ¢ o« o « = & o o o » 1.09

SN
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TABLE IT,— FIGURE INDEX
TLongitudinal Stablility and Control

Horiz, Figure number
tall for M=
configu— -
ration [0.60 to 0.93] 1.30{ 1.ko]| 1.50f 1.60| 1.70| 1.9L
oL vs o A 6(a), 7(a) |10(a)|11(a){12(a){13(a)|14(a) |15(a)
B §(a), 9(a) [16(a)|- ~ —|- — —[17(a) |— — —}|18(a)
. A 6(b), 7(p) }10(b)|11(p) [12(b) |13(B) ) 14(D) [15(D)
‘m 78 CL| g 8(b), 9(v} |16(p) |- — =|— = =|17(p) |~ — =|18(p)
T A 6(c), T(e) |10(ec){11(c)|12(c)|13(c) |14(c) |15(c)
DTS Ol 5| g(e)) 8le) |16(0)|= = =l — —{17(c)|— — =|1B(c)
A == 10(d) {11(4d) j12(4d) |13(a) |1u(4a) |15(a)
Chve Oy 3 | oo 16(d) |- — ~|— — =17(a) |— — —{18(4)
Directional and Lateral Stabiliity
Flgure number
for M=
0.90 1.k0 1.91
Cova B | 26(a) 27(a) 28(a)
Cy ve B 26(p) 27(1) 28(b)
Ci ve B 26(c) 27(e) 28(c)
Cr, ve B - —- 33 —_——
Cm ve B - - 33 -—-
Cp vs 8 - —— 33 -—-
Directional and Iateral Control
(M = 1.40 only)
Figure nmumbser
for a=
Qo 50 10°
Cn V8 B 30(a) 31(a) 32(a)
Cy va B 20(b) 31(b) 32(b}
C, ve B 30(c) 31(c) 32(c)
Cy ve Cr, 34
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TABLE III.— SUMMARY OF PRESSURE DATA

[R = 2,09 x 10 = 0. 779] .
(d:s) | aEfal Py | P2 | Ry %o | P [P Pq Py Pa o
.4 [1.3l0.115]0.928]0.866[-0.081]~0.01% }-0.028J0  |-0.031}-0.180]0.200
-e.3 {L.3] .111] .92k| .866} —. 07T} —014] —.02810 —.031| —-.180] ~,100

-1 1.3} .164] .866{ .808( —.077{ ~.00L| —.01k{ ,018] —013| —.09L| —.086

2,1 }1.3] .203] .839] .791) —.067] .012]| '.003] .036] .005| ~.068] ~.068

4.3 )2.3] .234] .839) .786| —.058] .o48| .oL8| 045 .o27{ —.042] —.037

6.5 {1.3[ .2u7| .822) .769{ ~.058( .052{ .o61L{ .oho{ .oko! —.020( —.015

8.7 |1.3[ .256]| .760] .T5L} —. .061f .078| .036] .033] .01l .onl

10.9 | 1.3{ .e87| .760] .733| —0ks| .o7O} .096| .031} .058| .038} .029

23.1.]1.3] .384| .729| .672{ ~.058| .o70| .096| .c09f .058| .069] .038

15.3 [1.3] k15| .694| .636} —.080] .07k} .109}-.035| .049| .OTT| .OhT

17.5 | 1.3| .520{ .645| .592| —.116| .087| .140|-.039| .080| .069] .033

4.5 (1.5 .004{1,016; .961] —.102] —.006] —.010] .003| —.018| ~.270| —.254

-2.3 | 1.5 .234] .991] .936] —.089( .0o7{ ,003| .026| —.005] —.183| —.178

—.1 1.5 .28k| .936] .886[ —~.083] .co7] .o003]| .020| .003| —.187] -.220

2,1 |1.5] .384] .861] .815| —.089] .o15| .o1s5| .o2k| .008| — 149| —.108

4.3 ]1.5] .396) .857| .812] —~.081] .024k| .036] .033] .020] —.112{ ~.103

6.k |1.5] .ke5| .836( .782{ —.081| .036( .ohg9| .o24{ .028)| -, 070} —.083

8.7 |1.5} k71| .803] .728} —.081} .045] .,065} .016| .033| —.033] —.OkL

10.8 {1.5] .s80] .728{ .699{ —.077| .OM9| .OTM} .008{ .037| -.022| —,028 -
13.0 | 1.5] 6631 674! .62k| —.072( .0h9| .090{-.018] .037( .013]| -—,008
15.2 |1.5) .684] .653] .603| —.012] .OKS| .203)|-.03} .037| .009[ .013 o
17.4 {1.5] .700] .665| .615] —. 11} .061} .128i-.097] .04l| .009{ —.02k
~4 4 1.7l .396)1,211}3.0561 —. L005{ .001| .002] =010} —.067| —.208
-2.2 |1.7| .kerji.077|2.015] —.082] .0ID|{ .005| .OX5} —. -.133( -.217

-2 l1.71 .505{1.008{ .9k1; —.082( .oz2! .018f .019( .011| -—.255| —.205

2.1 ]1.7] .629] .898] .861] —.086] ..018] .018] .019]| .011| - 171} —.200 )

.2 [1.7] .658| .882] .8s0{ ~.0o17| .026] .039| .023[ .019]| —.167( -.150

6.4 [1,7) .687] .857] .81 —.07T| .035[ .OkT| .015| .015| —.146 -.208

8.5 |L.7| 762 .798| .752] —.082] .ok3| .060} .002] ,027| —.I21) —.08%

0.7 |1.7] .8081 .723) .732| —.082| .0k3| .068}-.019{ .027! —.088{ ~.075

12.9 |1.7] .719] .876] .826| —.098] .ou3} .o76}-o027] .027]-.058] 067

15.1 (1.7} .798| .797| .51 —.098] .039| .089}-.ouk| .027|~.063[—.

17.3 [2.7(2.135} .535| .50e| —127] ,039] .w0L}-.073]| .027] .00k |-.021

Notes: - L. - : ‘:W
AR/q pressure—loss coefficlent in duct -
Py atatio-presdure ccefficient. measured oq mboa.rd uida of air d.uct
P static~preasure coeffioient messured on outboard side of air duct M
By bage~pressure coefficient measured at ori.fices provid.ed aroumd
the rim of the outlet
Py ' statio-preassure ocoefficients maasured qt orificen on the fuselage,
through subscript numbers curraapond.ing to orifice numbers given on . b

Py figure & of this report _ . !
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Figure 2.— The 1/12-scale Dovglas ¥-3 model mownted in the 6~ by 6~foot
supersonic wind tumrel.
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Figure 3.-Three-view drawipng of the l/12-scale Douglas X-3 model,
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Figure 10. - Longitudinal stability and control characteristics of the I/12-scale Douglas X-3
configuration A at a Mach number of 1.30. R = 2.09 x10°.
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Figure 11.- Longitudinal stabilily and control characteristics of the [/12-scale Douglas X-3
configuration A at a Mach number of [.40. R=2.09 x 10°
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Figure 14.- Longitudinal stability and control Eharactan‘sﬁcs of the (/12-scale Douglas X-3
configuration A of a Mach number of 1.70. R=2.09 x 10"
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Figure 15. - Longitudinal stability and control characteristics of rhe (/12-scale Douglas X-3
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Figure 17.- Longitudinal stability and confrol characteristics of the I/12-scale Douglas X-3
configuration B at a Mach number of 1.60 . R=2.09 x 10°
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Figure 24.- Effect of Reynolds number on the longitudinal characteristics of the 1/12-scale Douglas
X-3 configuration A at & Mach number of 1.50. i, = 0°.
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Figure 26 .- Lateral and directional stability characteristics of
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Figure 27.- Lateral and directional stability characteristics of the
1/12-scale Douglas X-3 configuration A at a Mach number
of 1.40. R=2.09 x 10°
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A at a Mach number of 1.40.
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